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The Space lnfrmd  Telcscopc F~acility  (SIRTF), a cryogenic infrared obscrwrlory  plrmncd for launch around the turn of
lhc century, will span the 3- 180 j[m spectral wavcband duling its operation in an earth-trai]ing hc]ioccniric  orbit,
SIRTl~’s  environmental conditions and mass constraints present challenging rcquircmcnts  10 the optical cngincc.r. The
SIR’i’1~  tclcscopc  will opcralc at near liquid helium K!mpcrahacs  after cncormtcring  a launch cnvironmcnL The Oplical
Tclcscopc Assembly (OTA), which incori)orales  the primary and scccrndary mirrors, baffles and supporl  struc(urc,  must
rctai}] alignment after launch vibration, gravity rclcasc and cooldown. Additionally, tclcscopc  mass requirements
indicalc  the usc of lighlwcig,hl  primary mirror icchnologics  for S1R3’11’. Candidate primary mirror substrates inc]udc
fuscci silica, beryllium, and silicon carbide. Each material has its SCI of trade-offs. This paper presents these tclcscopc
cnginccring issues and how the SIRq’[~  tclcscopc  technology plan addresses thcm in order to facilitate the final design.
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SIR~’1~  has undergone rcccnt  replanning to address ncw cost constraints while defining a scientifically compelling
mission faithful to the Rahcall report priorit  ics and responsive. to rcccnt scientific dcvclopmcnts.  1 A warm launch / cold
operation tclcscopc  conccpl  has been introduced, wbcrc the dcwar  cncloscs  M inskumcnts  but not the tclcscopc.  la this
concept, the tclcscopc  is launchc,d  at 300 K. Aflcr passive raciiativc  cooling, foliowcd by ilciium vapor cooling, the
tclcscopc  wili operate at around 5.5 K in space. la the coid ktuIIciI  concept the tclcscopc is in tbc dcwar and launched ai
Opcriiti[]g Icmpcra[urc (< 4 K). In either concept, tltc inslrulllcnls  st:iy at -1.5 K from launch to orbit. I~igurcs  1 an(i 2
dcpicl  ti~c SIRTF warm and coki launcil conccpls,  rxxpcclivcly. ‘1’i]is  paper iwcscnts  an OTA point design g,cncriitd  for
preliminary warm launch study, conccntt:iting  on ol)lical  conllKM)cnls.

q’hc 03’A is tiic intcgralcd asscmbiy  of the foiiowing  comimncnts:

● Primary mirror
● Scconciary mirror
● Primary mir~or  mount
● %condary mirror mount an(i focus mcclmnism
●  Supporl  slructurc
G SiJay Iigi]i baffics
● Rlack  coating

‘1’brcc (3) major rcquircmcni  1CVCIS2  drive ii]c O-I’A (icsign. All rcquircmcnis  arc spccificd by ICVCIS to identify tile
rcqui rcmcnt  flow and scope as [ic.scribc(i  in tile  following table.

Table 1- Rcquilcmcnt  levels
— . .

RI 1 mquircmcnts - flow from NASA 1 Icadquarkrs tot hc projcci
rcprcscnts  tllc minimum set ncccssary  to acilicvc tile scientific ol)jcctivcs  of SIRT};,

— . as agmcd upon by NASA and Ihc SIR”l”l;  scicniific  community
I.cvci  2 rcquircmcnts -  dcvciopcd  b y  tl)c projccl ‘-

- levied onio each project scgmcni
— . (ti~c observatory. scicncc  missiot)  an(i operations, and iauncb  vchiclc)—. . . . .

1 ,CVCI 3 rcquircmcnis - flow from the project segment
- scope within  a syslcm— . . ..— —



.

‘1’i\bl~  2 Iwcscms  rmuircmcnts I~laccd on Ihc OTA at Icvcls  1, 2, and 3. Obviously, additional rcauircmcnts  (rlrimarily  at
Iowa’ Ic;cIs) will b~ spccificd  & [he SIRTF design progresses.

. .

●  Apcr[urc  ciiarnctcr: 85 cm
● lmagc quality: <2.0  arc seconds@ L = 3.5 pm

(50% cncirclcci  energy diamclcr)
.  Stray lighl: S[a[islicaily  insignificant ccrmparcci  10 background
. Spectral range: 3- 180pm (spccIral  tilroughput:  ‘1’}]1>)

LC!-!Q!2

●  system  f/#1: 12
● Maximum central obscuration: 14 % (area)
c Ilack focai  distrmcc: 100 cm
● ‘1’cmpcrat urc: 5.5 K
●  ‘1’clcscopc  dcgrcc of polnri~.ation: <$70 for A = 3-5 pm

Zi %forl= 5- 180pnl
Lw21. 3

● OTA performs in O G, is lcslablc  in 1 G.
. Wavcfront error power spectrum: 7’111)
● Mirror substrate surface roughness: ‘1 ‘}11 )

l’hc 0“1’A (icsign  depends strongly on the primary mirror material sclcc(c(i. ‘1’hrcc (3) candi(ialc  primary mirror
subslratm  arc bcryliium,  siiicon carbide and fused silica. I’hc.sc materials aliow two (2) basic CYI’A design c]asscs:

c Monomctai]ic  01’A - for beryllium aa(i silicon calhidc minors
● Polymatcrial  OTA - for a fusc(i silica mirrors

“I”im  foliowing lhrcc (3) subsections a(i(ircss  Ihcsc design appmachcs  an(i material sclcclion  issues.
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Rcryliium and silicon carbicic allow a monometallic 01’A design (cxccpt  for inscr(s  and otilcr rcla[ivcly small i(cms)
sinew tilcy can form practical structural componcn[s. in ttlis  case mechanical sircsscs  duc (O tiiffcrcnlial  thermal
expansion arc significantly rcduccd  (climina[cd  for homogcacous,  isotropic materials). The 07’A scaks  over
Icnl]lcra[urc  an(i Iimorctically,  a syslcm in focus al room lcnlpcI at arc (an(i mccimnicaliy  fixed at tbc focal p]aac)  remains
in focus al all tcmpcraturcs.  }Iowcvcr,  ihcsc inhomogcnccws  metals cxhibil  thermal hysteresis (dimensional change upon
tcm]}cralurc  cycling and rcmrn to rcfcrcncc  lcm~nraturc)  an(i lcmporal hysteresis (dirncnsional  change over time) which
can a(ivcrscly  affect mi]lor  performance and impede cryofiguritlg (disc usscci  ialcr).
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A fl]scd silica mirror’ requires a carcfui minor/n~ount  {icsign. I;uscd siiica  dots not make practical structural components
so IIIC OTA cicsign will involve at icast two (2) materials. As a rcsull,  diffcrcnlial  thermal expansion may induce slrcsscs
that  deform or bi-ciik Ihc mirror. l’i~c design must :ilso witt]stand  tct]]pcritturc cycling anti launch vibration. On tile
positive si(ic,  fused silica has i)rcfcrrcd  oj)ticai cilaracterislics. }:rrscd silica oj)lical  fabrication methodologies arc
slanciar(i. II is also a hornogcncous  material, an(i dots not cxllibit tcn]porai and ti]crmal  hys[crcsis.
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‘1’able 3 summarizes kcy 01’A malcrial  sc.lcction issues. ‘1’hc discussion following the Iablc dclails  sclcctcd makrial
altribatcs.

~’able 3- O’1’A malcrial  sclcclion  issues
(for cryogenic, Iighlwcightcd,  1 meter class  mirfors)

—.
Attribulcs  -

—  .— =
E&of mirror mounting

Gyo  -frac”t u r c  .nlcchgllicS
Gravity~is~orlion
Mirror quallty
test lcmpcralurc
llyslcrcsis  (o 4K
C’1’li  uniformity
03’A llltlSS

Mimr  [ilicknc.ss
RCS]KMISC 1 0  hrllnch

cavil onmcnl

Ma!]ufacturing  d;wibasc_ ._
F’otc]ltial  CYI’A smbilily
l.ikclihood of quilting_
Oyofigr@>ility _.
Qg mirror  da[abasc  _

1 iasc of m imr  mounling:

Open back
beryllium

demonstrated on
JW-----
not applicatdc
small
<GOK

oK_for  IRAS ._
akquatc
low

ihin
OK for lRAS

incomplete
< 10pnl
@ikcly
OK for lKAS
lRAS —

—.
RcacI  ion bonded
silicon carbide—. .—

1)01 yet
dct]]_onsIralcd
Ingybc n/q.
small
<  6 0 ” K

Unk I1OR’I)
Unkllow’n
low

Ihin
Unkllow’n

Conccl)tual
< loyn
u n l i k e l y
unknown
nollc!— . . .

Conservative fused
silica

dcvclopcd  under
1s0
Unknown
~J~~ ----
< 10K

good
good
high

W2plablc
OK for 1S0

no mounts
-2.5 pIII
possible __ __..
gQo(l
1s0—

LJltra light —

fused silica =
1101 yet
demonstrated
unknown
unknown/bad
<1OK

LlllkllOWl)

LlllklK)Wl)

unknown

~Llc t o  mount

unknown/thin
unknown

no mounts
-25 pm
possible
unknown
Imnc— —
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llcr~llium:  IIC is a structural metal with convcnticmal  machining practices (cxccp( that Be dust mus[ bc c(mtrollcd).
Ad(~ilionally.  N is unique willl regard to i[s low Poisson’s I:ltio.-3 IRAS (Icnms(ratcd a mirr’or mounling n]clhodology
for beryllium.

};uscd silica: I“hc material briltlcncss,  fraclure louglIncss  and Poisson’s ralio ((). 17) of glass comjiicatcs its nlounling.3
I’hc only flight-mounted fused silica mirror coo]cd to liqui(i klium lclnpcralurcs  [Imt  wc know of is [Ilc lnfrmxl  SpaCC
Observatory (1S0) primary mirror.

[Jltraligllt  fused silica: Mirror moun[ing  (cchnology  appcats [o bc dcvcloptncnlal. To the best of our knowledge, no

u]traligh[  glass mirror has been mounted :Ind clyogcnic:llly  tested. Although ultraligh[  mirlors r’ctain strcnglh  10
wci.gh[  characlcrislics  of lighlwcigtll  mirrors, their absolu(c  stiffness is rcduccd  in proJmlion 10 their mass. Thus,
cxlcrnal Iorccs will gcncrirll  y affccl  t hc figure of ullral ighl nlirrors  nmrc than Iighlwcight  mirrors.

Reaction bonded silicon carbide: Mounting (cchni(lucs  arc closer to Ihosc used for mc[al mirrors IIIan  glass li~irrors.

q’hc ccr’amic nnlurc  of SiC structures prov~dcs  som~ llcxibility  beyond both metals and gl:isscs  in structuring mirl’or
Cxln)p(mcnls,  allllough  siml)lc  machining such as drilling and tapping arc no[ possible lmmsc  of SiC hardness,

Cryo-fraclurc  mechanics: AI the present time, wc have no oi~cn Iitcralurc  citations for cryogenic flacturc  mechanics data
on these mirrors or lhcir base materials. II is mr intcnl 10 illcludc a cryogenic fracture mechanics tcsl  activity in the
tccltno]ogy  program to obtain c]~ginccring  design data on this ~mramctcr.



Mirror’ qtralily  [CSI  [cnqmr[urc: DC and SiC mirrors do noI change their skrpc as much os glass mirrors below liquid
nitmgcn  tcmpcmturcs. (Bc and SiC has a very low intcgralcd  CTE in this tcrnpcrahrrc  regime.) This allows running
sonm in-process tests, such as mirror blank qunlity tests, at liquid ni[rogcn rather than liquid hcliutn  tcmpcraturcs.  This
shortens test cycles. I.iquid  helium ICSIS arc still required for [tic. complc[cd  mirror and 01’A Icsts.

C1’E uniformity: GIass is available wilt]  cxccllenl CT’E pcI formancc, alltmgh  wc have no dala  on ul[mlight  mirrors
where several i~icccs  of glass with  very high surface to volume ra[ios arc frit bonded with a CI”E “matched” ma[crial
(surface [0 volume ratio  is imporlanl  bccausc very thin glass parls  arc sensitive to surface stresses).

OTA mass: Current mass allocations arc txrscd on a beryllium OTA. Glass mirr’ors  generally require a higher mount
mass Ihan beryllium to provide an acccptab]c  intcrfacc bctwccn the different mirror and mount malcrials.  “I”his mass can
bc allocated to Bc or SiC primaries for stiffer mirror designs to improve wavcfront  quality and rcducc  gravity distortion.

Response 10 launch cnviromncnt: ‘f’o the bcsu of our knowledge, the only large, liquid helium cooled mirror to bc
Iaunchcd  is the beryllium lRAS mirror, which performed wilhin specification after Lrunch. 1S0 will bc Ihc first glass
mirlor (not yet launched). II hrrs aj)parcnt]y  survived simukrkd launch exposure. There arc no known data on onc-meter
chiss,  liquid helium cooled, ult];ilight  glass or silicon carbide nlirrors  (even wilt] a simulalcd launch environment).

Manufacturing dalalxisc: Glass mirror manufacturing is ttlc most advanced of any malcrial,  based on ccnlurics  of
practical cxpcricncc and with numerous rcccntly  dcvclopcd tools for cutting thin scc[ions and low pressure ion milling
tcchiiiqucs.  Silicon carbide rcprcscnis  ttlc other cxtrcmc. 1,arp,c  SiC mirrors have not yet been made an(i tile base
maicrial  is very imrd.  SiC manufacturing mctimds  arc under (icvclopn]cni  and rapidiy evolving but ml WCII eslablisilcd.
1 .argc Ilc mirrors have bee]) nlanufacturc(i,  but cxccpt for IRAS, all the mirrors Iargcr than 0.5 meters have bCCll
manufacturing cxpcrimcnts.  ~’hc S1 R1’k’ icicscopc  tcclmology  plan buiids  on these cxpcrimcnts.

Potential 01’A siabiiity:  711c SIR-I’F Iclcscopc  optical dcsigll has a sccon(iary  mirror longiiu(iinal  magnilicaiion  ratio  of
100. l’i~crcforc,  primary-to- sccon(iary  mirror sixicing  errors/cimngcs cause image pinnc (icfocas, magnified by that
amount. Bc m(i SiC slruciurcs  prornisc  better spocing contloi  (not dcmonstmicd)  [ban shown possibic by cxpcricncc
with mc[crcd  glass assemblies. At this time wc plan to inco]poratc  a sccon(iary  mirror focus mccimistn  in ihc OTA to
corrcci  dcspacc an(i mirror ra[iius  of curva[urc  (icviiltiot]s.

1 .ikcliilooci  of quiiting  (print-through of a corcci mirmr structu]c): I’ilis is not a problem for lightwci~htcd  glass (based
on 1S0 an(i  NASA Ames (iala). Wc sclcctc(i an open back miuor  siruciurc io avoi(i il on bcryilium. Any slalcmcnt  on
ultralight glass or SiC would be speculation.

(’ryofigurablity:  Cryofigurillg  (ciiscusscd  in section 4) in~l)lovcs  mirror clyogcnic  wavcfront  quality. ‘1’iw IRAS
bcryiiium primary mirror was successfully cryofigurc(i .4 NASA Ames dcrnonstr;itc(i  this technology on fused silicas (a
high ciuality  fusc(i  silica mirror may not even rcquilc cryofif,a[ ing). It is not known if u]lraiight  glass or SiC mirrors
woul(i  rcc]uirc  cryofiguring, or if it could bc done (ultraligt[t  glass may have higil  spa[ial  frequency cr(ors which arc
diflicuil  10 remove).

Surface scatter (not in Iabic 2): Beryllium has anomalous surface scallcr  associatc(i  wilt] grain bounciaries  in Ihc poii.shui
surfnec.  A bcryliiun]  or aiuminum  cofiting  can corrcc[ [ilis effect. Botil  glass  and SiC may bc polisiicci  for low scatter.

Bmsc{i  on the mcasurc(i performance of krrgc cryogenic mirrols, tl)c prinwy mirror wil i bc a i)rincipal contriimtor  to t hc
Ic.lcscope  wavcfront error. I’able 4 summarizes tile  SIR-IF tclcscol)c primary mirror specifications. Current
rcquircmcnts  indicate a primary mirror rms wavcfront crrot rcquircmcnt in the ().3 k (@? 0.6328  pm) range. Mirror
performance in earlier, unclassifie(i,  cryogenic IR sntcllitcs  (50 cm or grcalcr  apcrlurc  (iianlctcr)  (io not mcci  this
rcquircmcnt. IRAS and 1S0 primary mirrors have wavcf[ont crlors  of 0.68 an(i 0.59 rms waves @ 0.6328 pm,
rcsi)cc[ivcly.b  To mccl the SII{’I’E rcquircmcnt,  wc need implovc(i  materials technology and/or cryofiguring.



Cryofiguring  uses mirror  phase maps Iakcn al

cryo~cnic tcmpcralurcs  to refigure k mirror (at
ambicnl  tcmpcral  urc) for improved cryogenic
pcl-formancc.  3’his [cchnolog,y was dcmons[ratcd
on beryllium for IRAS and on fused silica al
NASA Ames Research Center. Continual
improvements in phase shifted intcrfcromc[ry
(increased spa~ial  rcsolu(ion,  improved sof[warc)
and numerical controlled polishing techniques
should yield improved results. Research in this
area is active. An Ames Rc,scarch Center team
curfcnt] y performs cryogenic mirror wavcfronl
quality tests for SIRTI: al Ibcir  cryogenic optical
test facility (COI’F’).7,8  7’CSIS have been ongoing
al C03’1~ since the cnrly 1980’s. The An~cs-
CO-1’l  i team  has:

‘1’able 4- Primary mirror sprxification.s

~lcar aJJcrlyrc  fliarncicr.  .  . 35. K!T.. ______ _ _ ____ ____
P~inmry  rl]itygr f/H___ ._ 1:?. . .
VCIICX radius of curvature _.. ?W.Q!  __ ___ __
ShaIw. ___ ___ ____ HYi@@ ______ _______
Mass 18 kg @@ii@_ .-.
Opcrgting  tctnpcraturg S. S_K_____ _ ____ ..-–.-
Wavefl:ont  quglily ~.~-~ TON{@ 0.6328  Pm]_
Wavcfron[  cfl.gr powq sppgm... !:E.Q.. -._... __________ .._
Candida(c  materials beryllium, silicon carbide,

fu}ed s~i~a __
Coating TBII

●
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gcncratcd  mirror phase maps at room, 1,N2 and 1,1 IC tcm])craturcs  to measure absolute and differential figure errors
ill various beryllium and fused silica mirrors
dcvclopcd  thermal strap methodologies to cffcctivciy  liuk test mirrors to the COTF cold pkitc without mirror
dislor(ion

dcmonskatcd  cryofiguring
evaluated mirror cooldmvn  rates and lhcrlnal gradients

i. :1 IQ lN()!,cKiY_i )J tvMQx’M.f’Jw

3’I]c  SIR’1’1~  tclcscopc  [cchno]ogy  plan addresses (Y1’A criticol  issues to mitigate cost, schcdulc  and performance risk.
‘1’l]is is in]]mrtant  since SIRI’};  tclcscopc rcquircmcn(s  cxcecd tlIc performance dcmonstr:itccl in tbc available database for
cryogenic, turlf-meter 10 onc-mclcr  class 1 R salcllitcs. “1’bc tclcscopc Icchilology  plan objectives arc to:

● fill gaps in tllc material propcrlics  database
● mitigate cost and schcdulc  risk by establishing design, fal)rication,  integration and test mctbodologics  in

rcq u i red :ircas
● establish the feasibility of meeting performance rcquircmcnts  within 01’A mass allocations
● qualify a flight configured 01’A, including s[ray light  pcrfol  Inancc

‘1’o expand the dalabasc, wc will perform cryogenic optical tcsls of candidate mirror materials with various
lightwcighting  methodologies. Different materials uniquely affect the 01’A design [radc space. A beryllium primary
mirror allows tbc benefits of a single-matcl-ial OT’A, and low mass, but tests (icn)onstratc(i  icss ti]an desirable figure
quality.9 lJnn]ountcd  fused siiica  mirrors demonstrate bcttcl  cryogenic wavcfroni  qualitys  ti]an bcryliium,  but mirror
mounting  and mass hccomc criticai issues, Wc imvc no cryog,cnic [cst data oI~ mounted uitraligilt  fuscci silica and silicon
carbide mirrors. An ongoing 50 cm mirmr testing program addresses OTA tcci]no]ogy issues witi]in  current cost and
faciiity col]str:iinis.  I’his  spring, wc expect delivery of two (2) IICW sO cm spi]crical  mirrors, onc (1) cncil  beryllium and
siiicon carbide, for evaluation ai COI’F’ as pari of tile SiR’1’E’  iclcscopc  tccimo]ogy program. In ad(iition to using phasc-
sllif[c(i  inicrfcromctry  to general c mirror pimc maps, wc will  implement a cryogenic point sprca(i function lest (aiso
callc{i a star tcst]o)  at COTi+’ to examine tile mirror wavcfroni  quaiiiativciy.  RCSUIIS  from these tests  will provide data for
lhc 85 cm SIRq’F’ primary mirror (icsign. Mirror and inatcriais  issues wc want to resolve include: cryofi~uring,
cryogenic op[icai test mcthodoiogy,  edge effects on mirror fif,urc, mirror manufachrring  process spccifica[ions,  surface
quiiling  (prini-througi~),  gravity effects, mirror mount effects, scilcdulc  and COSI, thermal pro~wr’iics,  blank anisotropy,
and niaicrial  i]ystcrcsis.



Wc can also improve the mirror manufacturing approach. Ncw optical tcsl and mirror figuring equipment (as described
in scclion 4) or mulliplc  i[crations (lhc lRAS beryllium primary minor was only cryofigurcd  once) should improve
mirror wavcfronl quality through cryofiguring.  Ncw mirror fabrication methodologies dcmonstrakd by industry also
imidy bcllcr mirror performance. This area includes improvcn~cnts  in: raw materials (spherical beryllium powder to
incrcasc  mnlcrial  packing density for hot isosta[ic  pressing over slandard  13c powders), materials processing,
lightwcigllling,  (wa[cr Jet milling (o gcncratc  ligh[wcight  glass .sIruc(urcs),  and figuring (numerically controlled ion beam
tcchniqucs).

fi K!!(3 !LJ.S!QN

The SIRTF’ tclcscopc requires sornc  performance improvcmclll  over known satellite observatories in the sarnc class. ‘1’hc
ongoing tclcscopc  technology program addresses IIlis issue 011 mulliplc  fronts, including optical tests of various mirror
subs[ralc  ma[crials  and ncw fabrication methodologies. ILnabling  tcchno]ogics  inc]udc rcccnt  dcvcloprncnts  i n
cryofiguring  and Iightwcightcd  mirror  manufacturing techniques. This will facilitate primary mirror material selection
and convcrgcncc  toward the final design,

“1’hc  work dcscribcd  in this paper was carried OUI by Ihc JCI Propulsion 1,rrbqr’story, California lnstitutc  of Technology,
undci a contract with the National Aeronautics and Space Adnlillistration.
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